The Bearded Vulture (Gypaetus barbatus) is an endangered species in Europe that feeds almost exclusively on bone remains of wild and domestic ungulates. In this paper, we present a model of an ecosystem related to the Bearded Vulture in the Pyrenees (NE Spain), by using P systems. The evolution of six species is studied: the Bearded Vulture and five subfamilies of domestic and wild ungulates upon which the vulture feeds. P systems provide a high level computational modeling framework which integrates the structural and dynamic aspects of ecosystems in a comprehensive and relevant way. P systems explicitly represent the discrete character of the components of an ecosystem by using rewriting rules on multisets of objects which represent individuals of the population and bones. The inherent stochasticity and uncertainty in ecosystems is captured by using probabilistic strategies. In order to experimentally validate the P system designed, we have constructed a simulator that allows us to analyze the evolution of the ecosystem under different initial conditions.
Introduction
Animal species are interconnected in a network in which some species depend on others in terms of feeding [10] , [26] . Variations in biomass affect the composition of the population structures [24] . In mountain ecosystems, the presence of domestic animals has disrupted the traditional relationships between wild ungulates and their predators [6] . Animals located at the top of the ecological pyramid are susceptible to the presence and number of these domestic animals.
The abandonment of dead animals in the mountains is a major source of food for necrophagous species [15] . This is the case for the Bearded Vulture (Gypaetus barbatus), a threatened species which feeds on bone remains of domestic and wild ungulates.
The study of population ecology and how species interact with the environment [13] is one aspect of conservation biology of great interest to managers and conservationists [2] . A widespread tool used in this area is the ecological model, which uses mathematical representations of ecological processes [21] .
In this study, we design a model that studies the evolution of an ecosystem located in the Pyrenees, taking advantage of the capacity the P systems to work in parallel. P systems provide a high level computational modeling framework which integrates the structural and dynamic aspects of ecosystems in a comprehensive and relevant way. P systems explicitly represent the discrete character of the components of an ecosystem by using rewriting rules on multisets of objects which represent individuals of the population and biomass available. The inherent stochasticity and uncertainty in ecosystems is captured by using probabilistic strategies. The ecosystem included six species: Bearded Vulture as a scavenger (predator) species and the Pyrenean Chamois (Rupicapra pyrenaica), Red Deer (Cervus elaphus), Fallow Deer (Dama dama), Roe Deer (Capreolus capreolus) and Sheep (Ovis capra) as carrion (prey) species. In order to experimentally validate of the P system designed we have constructed a simulator that allows us to analyze the evolution of the ecosystem under different initial conditions. The Bearded Vulture is an endangered species and so there are many projects that study its behavior and how it is affected by its environment. Thanks to these studies there is a large amount of information available which is required to define the P system and to validate the results obtained.
The paper is structured as follows. In the next section, basic concepts of the ecosystem to be modeled are introduced. The most outstanding aspects of each species are detailed as well as the interactions among them. In Section 3, a dynamic probabilistic P system to describe the ecosystem is presented. In order to study the dynamics of the ecosystem, a simulator of that probabilistic P system is designed in Section 4. The following section is devoted to the analysis of the results produced by the simulator. Finally, conclusions are presented in the last section.
Modeling the Ecosystem
The ecosystem to be modeled is located in the Catalan Pyrenees, in the Northeast of Spain. This area contains a total of 35 breeding territories that constitutes 34.3% of the Bearded Vulture's Spanish population in 2007 (n = 102). See Figure 1 [15] .
The ecosystem to be modeled is composed of six species: the Bearded Vulture (predator species) and the Pyrenean Chamois, Red Deer, Fallow Deer, Roe Deer, and Sheep (prey species). Prey species belong to the bovid family, they are herbivores and their bone remains form the basic source of nourishment for the Bearded Vulture in the Pyrenees.
